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(57) ABSTRACT 

A compressed bitstream is Scaled down to a reduced rate 
bitstream by first demultiplexing a compressed input bit 
Stream to extract Video objects as elementary input bit 
Streams having a first bit rate. A transcoder converts each 
elementary input bitstream to an elementary output bit 
Stream having a Second bit rate. The first bit rate is less than 
the Second bit rate. A transcoding control unit, coupled to the 
transcoder, Supplies control information for the transcoder. A 
multiplexer composes the elementary output bitstreams into 
a compressed output bitstream having the Second bit rate. 

31 Claims, 7 Drawing Sheets 
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OBJECT BASED BITSTREAM TRANSCODER 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This is a Continuation-in Part Application of U.S. Patent 
Application of U.S. patent application Ser. No. 09/496,706, 
“Adaptable Compressed Bitstream Transcoder” filed,” filed 
on Feb. 2, 2000 by Vetro et al. 

FIELD OF THE INVENTION 

This invention relates generally to information delivery 
Systems, and more particularly to delivery Systems that 
adapt information encoded as object-based compressed bit 
Streams to available bit rates of a network. 

BACKGROUND OF THE INVENTION 

Recently, a number of standards have been developed for 
communicating encoded information. For Video Sequences, 
the most widely used standards include MPEG-1 (for stor 
age and retrieval of moving pictures), MPEG-2 (for digital 
television) and H.263, see ISO/IEC JTC1 CD 11172, 
MPEG, “Information Technology-Coding of Moving Pic 
tures and ASSociated Audio for Digital Storage Media up to 
about 1.5 Mbit/s-Part 2: Coding of Moving Pictures 
Information,” 1991, LeGall, “MPEG: A Video Compression 
Standard for Multimedia Applications,” Communications of 
the ACM, Vol. 34, No. 4, pp. 46–58, 1991, ISO/IEC DIS 
13818-2, MPEG-2, “Information Technology-Generic 
Coding of Moving Pictures and Associated Audio 
Information-Part 2: Video, 1994, ITU-T SG XV, DRAFT 
H.263, “Video Coding for Low Bitrate Communication,” 
1996, ITU-T SG XVI, DRAFT13 H.263+O15-A-60 rev.0, 
“Video Coding for Low Bitrate Communication," 1997. 

These Standards are relatively low-level Specifications 
that primarily deal with the Spatial and temporal compres 
Sion of Video Sequences. As a common feature, these stan 
dards perform compression on a per frame basis. With these 
Standards, one can achieve high compression ratioS for a 
wide range of applications. 
Newer video coding standards, such as MPEG-4 (for 

multimedia applications), see “Information Technology 
Generic coding of audio/visual objects.” ISO/IEC FDIS 
14496-2 (MPEG4 Visual), Nov. 1998, allow arbitrary 
shaped objects to be encoded and decoded as Separate video 
object planes (VOP). The objects can be visual, audio, 
natural, Synthetic, primitive, compound, or combinations 
thereof. Video objects are composed to form compound 
objects or “scenes.” 

The emerging MPEG-4 standard is intended to enable 
multimedia applications, Such as interactive Video, where 
natural and Synthetic materials are integrated, and where 
access is universal. MPEG-4 allows for content based inter 
activity. For example, one might want to "cut-and-paste’ a 
moving figure or object from one Video to another. In this 
type of application, it is assumed that the objects in the 
multimedia content have been identified through Some type 
of Segmentation process, See for example, U.S. Pat. No. 
6,400,846"Method for Ordering Image Spaces to Search for 
Object Surfaces” filed on Jun. 4, 1999 by Lin et al. 

In the context of Video transmission, these compression 
Standards are needed to reduce the amount of bandwidth 
(available bit rate) that is required by the network. The 
network may represent a wireleSS channel or the Internet. In 
any case, the network has limited capacity and a contention 
for its resources must be resolved when the content needs to 
be transmitted. 
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2 
Over the years, a great deal of effort has been placed on 

architectures and processes that enable devices to transmit 
the content robustly and to adapt the quality of the content 
to the available network resources. When the content has 
already been encoded, it is Sometimes necessary to further 
convert the already compressed bitstream before the Stream 
is transmitted through the network to accommodate, for 
example, a reduction in the available bit rate. 

Bit Stream conversion or “transcoding can be classified 
as bit rate conversion, resolution conversion, and Syntax 
conversion. Bit rate conversion includes bit rate Scaling and 
conversion between a constant bit rate (CBR) and a variable 
bit rate (VBR). The basic function of bit rate scaling is to 
accept an input bitstream and produce a Scaled output 
bitstream which meets new load constraints of a receiver. A 
bit Stream Scaler is a transcoder, or filter, that provides a 
match between a Source bitstream and the receiving load. 
AS Shown in FIG. 1, typically, Scaling can be accom 

plished by a transcoder 100. In a brute force case, the 
transcoder includes a decoder 110 and encoder 120. A 
compressed input bitstream 101 is fully decoded at an input 
rate Rin, then encoded at a new output rate Rout 102 to 
produce the output bitstream 103. Usually, the output rate is 
lower than the input rate. However, in practice, full decoding 
and full encoding in a transcoder is not done due to the high 
complexity of encoding the decoded bitstream. 

Earlier work on MPEG-2 transcoding has been published 
by Sun et al., in “Architectures for MPEG compressed 
bitstream scaling.” IEEE Transactions on Circuits and Sys 
tems for Video Technology, Apr. 1996. There, four methods 
of rate reduction, with varying complexity and architecture, 
were presented. 

FIG.2 shows an example method. In this architecture, the 
Video bitstream is only partially decoded. More Specifically, 
macroblocks of the input bitstream 201 are variable-length 
decoded (VLD) 210. The input bitstream is also delayed 220 
and inverse quantized (IQ) 230 to yield discrete cosine 
transform (DCT) coefficients. Given the desired output bit 
rate, the partially decoded data are analyzed 240 and a new 
set of quantizers is applied at 250 to the DCT blocks. These 
re-quantized blocks are then variable-length coded (VLC) 
260 and a new output bitstream 203 at a lower rate can be 
formed. This Scheme is much simpler than the Scheme 
shown in FIG. 1 because the motion vectors are re-used and 
an inverse DCT operation is not needed. 
More recent work by ASSuncao et al., in "A frequency 

domain Video transcoder for dynamic bit-rate reduction of 
MPEG-2 bitstreams.” IEEE Transactions on Circuits and 
Systems for Video Technology, pp. 953-957, December 
1998, describe a simplified architecture for the same task. 
They use a motion compensation (MC) loop, operating in 
the frequency domain for drift compensation. Approximate 
matrices are derived for fast computation of the MC blocks 
in the frequency domain. A Lagrangian optimization is used 
to calculate the best quantizer Scales for transcoding. 

Other work by Sorial et al., “Joint transcoding of multiple 
MPEG video bitstreams,” Proceedings of the International 
Symposium on Circuits and Systems, May 1999, presents a 
method of jointly transcoding multiple MPEG-2 bitstreams, 
See also U.S. patent application Ser. No. 09/410, 
552"Estimating Rate-Distortion Characteristics of Binary 
Shape Data,” filed Oct. 1, 1999 by Vetro et al. 

According to prior art compression Standards, the number 
of bits allocated for encoding texture information is con 
trolled by a quantization parameter (QP). The above papers 
are similar in that changing the QP based on information that 
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is contained in the original bitstream reduces the rate of 
texture bits. For an efficient implementation, the information 
is usually extracted directly in the compressed domain and 
may include measures that relate to the motion of macrob 
locks or residual energy of DCT blocks. This type of 
analysis can be found in the bit allocation analyzer. 
Although in Some cases, the bitstream can be 

preprocessed, it is still important that the transcoder operates 
in real-time. Therefore, Significant processing delays on the 
bitstream cannot be tolerated. For example, it would not be 
feasible for the transcoder to extract information from a 
group of frames, then transcode the content based on this 
look-ahead information. This would not work for live 
broadcasts, or Video conferencing. Although it is possible to 
achieve better transcoding results in terms of quality due to 
better bit allocation, Such an implementation for real-time 
applications is impractical. 

It is also important to note that classical methods of 
transcoding are limited in their ability to reduce the bit rate. 
In other words, if only the QP of the outgoing video is 
changed, then there is a limit to how much one may reduce 
the rate. The limitation in reduction is dependent on the 
bitstream under consideration. Changing the QP to a maxi 
mum value will usually degrade the content of the bitstream 
Significantly. Another alternative to reducing the Spatial 
quality is to reduce the temporal quality, i.e., drop or skip 
frames. Again, Skipping too many frames will also degrade 
the quality significantly. If both reductions are considered, 
then the transcoder is faced with a trade-off in Spatial verSuS 
temporal quality. 

This concept of Such a spatio-temporal trade-off can also 
be considered in the encoder. However, not all Video coding 
Standards Support frame skipping. For example, in MPEG-1 
and MPEG-2, the Group of Picture (GOP) structure is 
pre-determined, i.e., the Intra frame period and distance 
between anchor frames is fixed. As a result, all pictures must 
be encoded. To get around this temporal constraint, the 
Syntax does allow macroblocks to be skipped. If all mac 
roblocks in a frame are skipped, then the frame has essen 
tially been skipped. At least one bit is used for each 
macroblock in the frame to indicate this skipping. This can 
be inefficient for Some bit rates. 

The H.263 and MPEG-4 standards do allow frame skip 
ping. Both Standards Support a Syntax that allows a reference 
to be specified. However, their frame Skipping has mainly 
been used to satisfy buffer constraints. In other words, if the 
buffer occupancy is too high and in danger of overflow, then 
the encoder will skip a frame to reduce the flow of bits into 
the buffer and give the buffer some time to send its current 
bits. 

A more Sophisticated use of this Syntax allows one to 
make the Spatio-temporal trade-offs in non-emergency 
Situations, i.e., code more frames at a lower spatial quality, 
or code leSS frames at a higher spatial quality. Depending on 
the complexity of the content, either Strategy can potentially 
lead to better overall quality. Methods to control this trade 
offin an MPEG-4 object-based encoder have been described 
in U.S. Pat. No. 5,969,764, “Adaptive video coding 
method’, issued on Oct. 19, 1999 to Sun et al., and in 
“MPEG-4 rate control for multiple video objects," IEEE 
Trans. on Circuits and Systems for Video Technology, 
February 1999, by Vetro et al. There, two modes of operation 
were introduced, HighMode and LowMode. Depending on 
a current mode of operation, which was determined by the 
outgoing temporal resolution, adjustments in the way bits 
were allocated were made. 
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Besides the work referenced above, methods to control 

this spatio-temporal trade-off have received minimal atten 
tion. Furthermore, the information that is available in the 
transcoder to make Such decisions is quite different than that 
of the encoder. As a result, the transcoder must find Some 
alternate means of transmitting the information that is con 
tained in a bitstream to adapt to reductions in available bit 
rateS. 

SUMMARY OF THE INVENTION 

It is an object of the invention to reduce the bit rate of a 
Video bitstream without Severely degrading the information 
that is conveyed at the reduced bit rate. Furthermore, it is an 
object to reduce the bit rate by individually manipulating 
Video objects of the bitstream in a joint manner. Because this 
object-based Scheme has this finer level of access, it enables 
a reduction of the level of Spatio-temporal quality of one 
object without significantly impacting the quality of the 
entire bitstream. 

More particularly, the invention provides a bitstream 
Scaler and method that operates individual object of a 
compressed bitstream. A demultiplexer extracts each video 
object from a compressed input bitstream as an elementary 
input bitstream having a first bit rate. A transcoder converts 
each elementary input bitstream to an elementary output 
bitstream having a Second bit rate. A transcoding control 
unit, coupled to the transcoder, generates control informa 
tion for the transcoder. A multiplexer composes the elemen 
tary output bitstreams into a compressed output bitstream 
having the Second bit rate. Typically, the Second bit rate is 
less than the first bit rate. The Scaler also includes an output 
buffer generating rate feedback information for the transcod 
ing control unit. The trancoding control unit can include a 
shape analyzer, a texture analyzer, a temporal analyzer, and 
a Spatial analyzer to generate the control information from 
object data generated by the transcoder. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a prior art transcoder; 
FIG. 2 is a block diagram of a prior art partial decoder/ 

encoder; 
FIG. 3 is a block diagram of an adaptable bitstream 

delivery System; 
FIG. 4 is a block diagram of an adaptable transcoder and 

transcoder manager, 
FIG. 5 is a graph of transcoding functions that can be used 

by the transcoder and manager of FIG. 4; 
FIG. 6 is a block diagram of object-based bitstream 

Scaling; 
FIG. 7 is a graph of a Search Space; and 
FIG. 8 is a block diagram of details of an object-based 

transcoder according to the invention. 
DETAILED DESCRIPTION OF PREFERRED 

EMBODIMENTS 

Introduction 
Quality of Bitstream 
We describe a bitstream delivery system that is capable of 

converting, or “Scaling,” a compressed input bitstream to a 
compressed output bitstream at a target rate, i.e., an available 
bit rate (ABR) of a network. Usually the target rate is less 
than the original rate. In other words, the task of our 
transcoder is to further compress the bitstream, usually due 
to constraints in network resources or receiver load. We 
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describe two content-based transcoding techniques, the first 
at the frame level, and the second at the video object level. 
Our System is capable of overcoming the drawbacks of 

conventional transcoders, namely limitations in rate 
conversion, particularly in real-time applications. Although 
conventional transcoding techniques may be able to Suffi 
ciently reduce the rate, the quality of the content may be 
Severely degraded and the information that is conveyed in 
the reduced bit rate bitstream may be lost altogether. 
Conventionally, bitstream “quality” is measured as the bit 
by-bit differences between the input and output bitstreams. 
We describe transcoding techniques that are able to 

achieve the target rate while maintaining the quality of the 
content of the bitstream. 
Continuous-Conversion 

Conventional frame-based transcoding techniques can be 
defined as continuous-conversions. Because conventional 
techniques attempt to continuously maintain the best trade 
off in Spatial VS. temporal quality, the output is always a 
Sequence of frames that best represents the input Sequence. 
When a particular frame is Skipped to meet constraints on 
the rate, the information that is contained within the skipped 
frame is not considered. If enough frames are Skipped, then 
the bitstream that is received is meaningleSS to a user, or at 
best, less than Satisfactory. 
Quality Distortion Metrics 
A conventional continuous-conversion transcoder makes 

optimal decisions in the rate-distortion Sense with regard to 
the trade-offs in Spatial and temporal quality. In Such a 
transcoder, the distortion is usually taken to be any classic 
distortion metric, Such as the peak signal to noise ratio 
(PSNR). It should be emphasized that in such a conversion, 
the distortion is not a measure of how well the content of the 
bitstream is being conveyed, but rather of the bit-to-bit 
differences between the original input bitstream and the 
reconstructed output bitstream, i.e., the quality. 
Fidelity of Bitstream 

In one embodiment for transcoding a bitstream Sequence 
under low bit rate constraints, we Summarize the content of 
the bitstream with a small number of frames. In this way, we 
do not use the classic distortion metrics focused on quality. 
Rather, we adopt a new measure that we call “fidelity.” 
Fidelity takes into consideration the Semantics of the con 
tent. By the Semantics, we do not mean the bits or pixels, but 
rather humanly meaningful concepts represented by the bit, 
for example, words, Sounds, image objects, videos, and the 
like. 

Fidelity can be defined in a number of ways. However 
fidelity, as we define it, is not related to conventional 
quantitative quality, e.g., the bit-by-bit differences. Rather, 
our fidelity measures the degree to which a frame or any 
number of frames conveys the information contained in the 
original image Sequence, i.e., the content or higher level 
meaning of the information that is conveyed, and not the raw 
bits. 
Discrete-Summary Transcoder 

Fidelity is a more Subjective or Semantic measure than 
conventional distortion metrics. However, fidelity is a useful 
measure to gauge the non-conventional transcoder's perfor 
mance. Because the output of our transcoder according to 
one embodiment is a finite Set of relatively high quality 
frames that attempt to Summarize the entire Sequence of bits, 
we refer to this type of transcoder as a “discrete-Summary 
transcoder.” 

For example, at low bit rates, we choose a Small number 
of high quality frames to represent the Video. In this way, the 
Semantic "meaning” of the bitstream is preserved. 
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It could be Stated that this discrete-Summary transcoder 

performs a Semantic Sampling of the input bitstream, 
whereas continuous transcoders only Sample quantitatively 
in the Spatial and temporal domains. In situations where the 
bit rate is severely limited, we sample “rich' frames to 
preserve the fidelity of the content encoded in the bitstream. 

Because we Selectively Sample rich frames, we may lose 
one aspect in the bitstream-motion. Preferably, we resort to 
discrete-Summary transcoding only when the rate-distortion 
performance of the continuous-conversion transcoder is 
Severely degraded or cannot meet the target rate. Under 
these conditions, conventional continuous-conversion 
transcoderS lose fluid motion because the frame rate is So 
low that the rate of information delivery becomes jerky and 
disturbing to the user. 
The major gain of discrete-Summary transcoding over 

conventional continuous-conversion transcoding is that 
discrete-Summary transcoders attempts to choose frames 
that are rich in information, whereas continuous-conversion 
transcoderS may well drop frames that are rich in informa 
tion. 

In order to control which transcoder is best for the given 
situation, we describe a content-network-device (CND) 
manager. The purpose of the CND manager is to Select 
which transcoder to use. The Selection is based on data 
obtained from content, network, user device characteristics. 
Adaptable Bitstream Delivery System 
As shown in FIG. 3, an adaptable bitstream delivery 

system 300 is composed of four major components: a 
content classifier 310, a model predictor 320, a content 
network-device manager 330 and a Switchable transcoder 
340. 
The goal of the System 300 is to deliver a compressed 

bitstream 301 with information content through a network 
350 to a user device 360. The content of the bitstream can 
be visual, audio, textual, natural, Synthetic, primitive, data, 
compound or combinations thereof. The network can be 
wireless, packet-Switched, or other networks with unpredict 
able operational characteristic. The user device can be a 
Video receiver, a Stationary or mobile wireleSS receiver, or 
other like user devices with internal resource constraints that 
make quality reception of the bitstream difficult. 
AS an advantage, the System maintains the Semantic 

fidelity of the content even when the bitstream needs to be 
further compressed to meet network and user device char 
acteristics. 
The input compressed bitstream is directed to the 

transcoder and the content classifier. The transcoder may 
ultimately reduce the rate of an output compressed bitstream 
309 directed through the network at the user device. 
The content classifier extracts content information (CI) 

302 from the input bitstream for the manager. The main 
function of the content classifier is to map Semantic features 
of content characteristics, Such as activity, and Video change 
information and texture, into a set of parameters that are 
used to make rate-quality trade-offs in the content-network 
manager. To assist with this mapping function, the content 
classifier can also accept meta-data information 303. 
Examples of meta-data include descriptors and description 
schemes that are specified by the emerging MPEG-7 stan 
dard. 

In this architecture, the model predictor 320 provides 
feedback 321 regarding the dynamics of the network 350, 
and possible constraining characteristics of the user device 
360. For example, the predictor reports network congestion 
and available bit rate (ABR). The predictor also receives and 
translates feedback on packet loSS ratioS within the network. 
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The predictor estimates a current network State, and long 
term network predictions 321. Characteristically, the user 
device may have limited resources. For example, processing 
power, memory, and display constraints. For example, if the 
user device is a cellular telephone, the display can be 
constrained to textual information or low resolution images, 
or even worse, only audio. These characteristics can also 
impact the Selection of a transcoding modality. 

In addition to receiving the meta-data 303, the manager 
330 also receives input from both the content classifier and 
the model predictor. The CND combines these two sources 
of information together So that an optimal transcoding 
strategy is determined for the Switchable transcoder 340. 
Content Classifier 

In the field of pattern analysis and recognition, classifi 
cation can be achieved by decomposing the bitstream into a 
set of features. The features themselves may be extracted 
using Sophisticated transforms or simple local operators. 
Regardless of how the features are extracted, given a feature 
Space of dimension N, each pattern can be represented as a 
point in this feature Space. 

It is customary to Subject a variety of different training 
patterns as input to this extraction proceSS and to plot the 
outcomes in the feature Space. Provided that the feature Set 
and training patterns are appropriate, we observe Several 
clusters of points called “classes.” These classes allow us to 
distinguish different patterns and group Similar patterns, and 
to determine boundaries between the observed classes. 
Usually, the boundaries between classes adhere to Some cost 
for misclassification and attempt to minimize the overall 
CO. 

After appropriate classes have been identified and Suitable 
boundaries between the classes have been drawn, we can 
quickly classify new patterns in the bitstream. Depending on 
the problem, this can be accomplished with a neural network 
or other known classification techniqueS Such as Support 
Vector Machines, see Cristianini et al. in “An Introduction to 
Support Vector Machines, (and other kernel-based learning 
methods).” Cambridge University Press, 2000. 
The content classifier operates in two stage (I and II). 

First, we classify the bitstream content so that higher-level 
Semantics can be inferred, and Second, we adapt the classi 
fied content to network and user device characteristics. 

In the first stage (I) 311, we extract a number of low-level 
features from the compressed bitstream using conventional 
techniques, for example, motion and texture. We can also 
access the meta-data 303, such as MPEG-7 descriptors and 
description Schemes. If the meta-data are available, then leSS 
work needs to be performed on the compressed bitstream. AS 
a final outcome of this first Stage, a pre-determined set of 
content features are mapped to a finite Set of Semantic 
classes. Furthermore, within each Semantic class, we differ 
entiate based on the coding complexity, i.e., the complexity 
is conditional on the Semantic class and network 
characteristics, and possibly device characteristics. This 
high-level understanding of the content is passed onto the 
CND manager 330 as content information (CI) 302. The CI 
302, in part, characterizes the potential performance of this 
embodiment of the Switchable transcoder. 

The above classification is useful in terms of content 
understanding, and, ultimately discrete-Summary 
transcoding, but it is also useful as an intermediate Stage 
result. ESSentially, we have a new set of classes that Serve as 
input to the Second Stage II 312 of classification. In the 
Second Stage of classification, we map our Semantic classes 
to features of network and device characteristics. These 
features will help us to determine the characteristics of 
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8 
rate-quality functions that assist the System in developing a 
transcoding Strategy. In other words, if it is probable that a 
certain Semantic class is characterized by bursty data due to 
object movement or Video changes, then this should be 
accounted for when estimating how much resources the 
network should provide. 
Content-Network-Device Manager 
The content-network-device (CND) manager 330 and 

transcoder 340 are shown in greater detail in FIG. 4. The 
CND manager includes a discrete-continuous control 431 
and a content-network-device (CND) integrator 432. The 
transcoder 340 includes a plurality of transcoders 441–443. 

Using a Switch 450, the control 431 is responsible for 
deciding how the input compressed bitstream 301 should be 
transcoded, e.g., with the discrete Summary transcoder 441, 
the continuous conversion transcoder, 442, or Some other 
transcoder 443. The network-content manager also dynami 
cally adapts a target rate for the transcoder and considers 
resource constraining characteristics of the network and user 
device. These two very important items are decided by the 
control 431. 
To better understand how the control makes optimal 

Selection decisions, FIG. 5 graphs a plurality of rate-quality 
functions on rate 501 and quality 502 Scales. One rate 
quality function of the continuous-conversion transcoder 
442 is shown by a convex function 503. The rate-quality 
curve for the discrete-Summary transcoder 441 is repre 
sented by a linear function 504. Other transcoders may have 
different functions not shown. 

It should be noted that these curves are only drawn for 
illustrative purposes. The true forms of the functions for a 
particular transcoder can vary depending on the content, 
how the content has been classified and possibly the current 
State of the network and device constraining characteristics. 
Obviously, at low bit rates the continuous-conversion 
transcoder degrades rapidly in quality, for reasons Stated 
above. The optimal quality function 505 is shown in bold. 
This function best models the optimal quality that can be 
achieved for a given bit rate and user device. 
We note there is a croSSover in transcoding technique at 

a rate=T 506. For rates greater than T, it is best to use the 
continuous-conversion transcoder, and for rates less than T. 
it is best to use the discrete-Summary transcoder. Of course 
the cross-over point will vary dynamically as content and 
network characteristics vary. 
AS mentioned above, continuous-conversion transcoders 

usually assume classic distortion metrics, such as PSNR. 
Because Such measures do not apply to our discrete 
Summary transcoder, it makes more Sense to map the classic 
distortion metrics to a measure of “fidelity.” Fidelity mea 
Sures how well the content is Semantically Summarized, and 
not the quantitative bit-by-bit difference. Given the same 
quality metric, we avoid any inconsistency in deciding the 
optimal transcoding Strategy. 
Content-Network-Device Integrator 

Referring back to FIG. 4, the CND integrator 432 is the 
part of the CND manager that combines together content 
information 302 from the content classifier 310 and 
network-device predictions 321 from the model predictor. It 
is this part of the manager that generates the model 
expressed as the rate-quality functions shown in FIG. 5, or 
other like optimization functions. To form the optimal 
operating model, the CND integrator, examines the map 
pings CI from the content classifier and bit rate feedback 351 
that is output from the Switchable transcoder 340. Using this 
information, the integrator chooses the optimal modeling 
function 505 that has certain model parameters. The rate 
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feedback 351 is used to dynamically refine the parameters. 
If the integrator finds that the chosen model is not optimal, 
then the integrator may decide to dynamically Switch rate 
quality functions. Also, the integrator may track Several 
functions for different objects or different bitstreams and 
consider the functions either Separately or jointly. 
Impact of Network Predictions 
The network predictions 321 may affect these character 

istic functions by modulating certain portions of the optimal 
curve 505 one way or another. For instance, when higher bit 
rates are available, one Still needs to be most careful. The 
network model may allow us to expend a high number of 
bits at a particular time instant, but long-term effects tell uS 
that congestion is likely to build quickly. Therefore, our 
System may choose to hold back and continue to operate at 
a lower rate. Thus, we avoid problems related to a Sudden 
drop in the available bit rate. These types of characteristics 
can be accounted for by modulating the curves of our 
transcoder. 
Impact of Device Constraints 

Device characteristics need to be considered also. Mobile 
devices have different operating characteristics than Station 
ary devices. For example, Doppler spread can degrade 
performance at higher available bit rates. Thus, a lower bit 
rate should be selected. The device may have limited 
processing, Storage and display capabilities that can impact 
the transcoder. For example, there is no point in delivering 
a Video to an audio only device. In fact, the Switchable 
transcoder can include another transcoder 443 that converts 
Speech to text, or data to speech, etc. The important point is 
that the present Switchable transcoder takes the Semantics of 
the bitstream content and the destination device into con 
sideration. Most prior art transcoders just consider the 
available bit rate. 
Frame-Based Transcoder 
The details of implementing frame-based transcoderS are 

known in the prior art. For example, See any of the following 
U.S. Pat. No. : 5,991,716–Transcoder with prevention of 
tandem coding of speech; U.S. Pat. No. 5,940,130 Video 
transcoder with by-pass transfer of extracted motion com 
pensation data; U.S. Pat. No. 5,768,278-N: 1 Transcoder; 
-U.S. Pat. No. 5,764,298 Digital data transcoder with 
relaxed internal decoder/coder interface frame jitter require 
ments; -U.S. Pat. No. 5,526,397 Switching transcoder; 
U.S. Pat. No. 5,334,977-ADPCM transcoder wherein dif 
ferent bit numbers are used in code conversion, or other like 
patents. None of these describe our technique for Selecting 
a particular transcoding Strategy depending on the Semantic 
content of the bitstream and network characteristics. Below, 
we will also describe an object-based bitstream transcoder 
that could be selected. 

The emphasis of this embodiment is to enable dynamic 
Selection of a transcoding Strategy that gives the best deliv 
ery of the Semantic content of the bitstream, and not how the 
actual transcoding is performed. 
So far we have described the different types of trade-offs 

that can be made by a Switchable transcoder, including a 
continuous-conversion transcoder and a discrete-Summary 
transcoder. In each of these transcoders, an optimal rate 
quality curve was assumed. 
Object-Based Transcoding 
We now describe how the rate-quality curve for 

continuous-conversion transcoderS is derived and how Suit 
able encoding parameterS Such as the QP and the amount of 
frame skip are determined. We also extend this work to the 
context of MPEG-4. We describe a framework that adap 
tively transcodes, or Scales, objects in the video, or Scene, 
based on available bit rate and complexity of each Video 
object. 
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Our Scheme is adaptive in that various techniques can be 

employed to reduce the rate depending on the ratio of 
incoming to outgoing rate. Because our goal is to provide the 
best overall quality for objects of varying complexity, the 
degradation of each object need not be the Same. Note, here 
We parse objects, and not frames as described above. 

The novelty of our system is that it is capable of transcod 
ing multiple objects of varying complexity and size, but 
more important, Our System is capable of making spatio 
temporal trade-offs to optimize the overall quality of the 
video. We focus on object-based bitstreams due to the added 
flexibility. We also describe various means that are available 
to manipulate the quality of a particular object. 
The main point worth noting is that the objects themselves 

need not be transcoded with equal quality. For example, the 
texture data of one object may be reduced, keeping intact its 
shape information, while the Shape information of another 
object is reduced, keeping its texture information intact. 
Many other combinations can also be considered, including 
dropping frames. In a news clip, for example, it would be 
possible to reduce the frame rate along with the texture and 
shape bits for the background, while keeping the informa 
tion associated with the foreground news reader intact. 
Quality of a Bitstream for Object-Based Transcoding 
AS Stated above, conventional frame-based transcoders 

may be able to reduce the bit rate sufficiently. However, the 
quality of the content may be Severely degraded and the 
information that is conveyed in the reduced bit rate bitstream 
may be lost altogether. Conventionally, bitstream “quality” 
is measured as the bit-by-bit differences between the input 
and output bitstreams. 

However, in object-based transcoding according to the 
invention, We are no longer constrained to manipulate the 
entire video. We transcode a bitstream that has been decom 
posed into meaningful Video objects. We realize that the 
delivery of each object, along with the quality of each object, 
has a different overall impact on quality. Because our 
object-based Scheme has this finer level of access, it 
becomes possible to reduce the level of Spatio-temporal 
quality of one object without Significantly impacting the 
quality of the entire stream. This is an entirely different 
Strategy than the one used by conventional frame-based 
transcoderS. 

In contrast to conventional bitstream quality, which mea 
Sures the bit-by-bit differences of the entire video without 
regard to content, we introduce the notion of "perceptual 
Video quality.' Perceptual Video quality is related to the 
quality of objects in the Video that convey the intended 
information. For instance, the background of a Video may be 
completely lost without effecting the perceptual Video qual 
ity of a foreground object. 
Object-Based Transcoding Framework 

FIG. 6 shows a high-level block diagram of an object 
based transcoder 600 according to an alternative embodi 
ment of the invention. The transcoder 600 includes a demul 
tiplexer 601, a multiplexer 602, and an output buffer 603. 
The transcoder 600 also includes one or more object-based 
transcoders 800 operated by a transcoding control unit 
(TCU) 610 according to control information 604. The unit 
610 includes shape, texture, temporal, and Spatial analyzers 
611-614. 
An input compressed bitstream 605 to the transcoder 600 

includes one or more object-based elementary bitstreams. 
The object-based bitstreams can be serial or parallel. The 
total bit rate of the bitstream 605 is R. The output com 
pressed bitstream 606 from the transcoder 600 has a total bit 
rate R. Such that R-R. didi didi 
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The demultiplexer 601 provides one or more elementary 
bitstreams to each of the object-based transcoders 800, and 
the object-based transcoders 800 provide object data 607 to 
the TCU 610. The transcoders 800 scale the elementary 
bitstreams. The Scaled bitstreams are composed by the 
multiplexer 602 before being passed on to the output buffer 
603, and from there to a receiver. The buffer 603 also 
provides rate-feedback information 608 to the TCU. 
As stated above, the control information 604 that is passed 

to each of the transcoders 800 is provided by the TCU. As 
indicated in FIG. 6, the TCU is responsible for the analysis 
of texture and shape data, as well as temporal and Spatial 
resolution. All of these new degrees of freedom make the 
object-based transcoding framework very unique and desir 
able for network applications. As with the MPEG-2 and 
H.263 coding standards, MPEG-4 exploits the spatio 
temporal redundancy of Video using motion compensation 
and DCT. As a result, the core of our object-based transcod 
ers 800 is an adaptation of MPEG-2 transcoders that have 
been described above. The major difference is that shape 
information is now contained within the bitstream, and with 
regard to texture coding, tools are provided to predict DC 
and AC for Intra blocks. 

It is also important to note that the transcoding of texture 
is indeed dependent on the shape data. In other words, the 
shape data cannot simply be parsed out and ignored; the 
Syntax of a compliant bitstream depends on the decoded 
shape data. 

Obviously, our object-based input and output bitstreams 
605-606 are entirely different than traditional frame-based 
video programs. Also, MPEG-2 does not permit dynamic 
frame skipping. There, the GOP structure and reference 
frames are usually fixed. 
Texture Models 

The use of texture models for rate control in an encoder 
has been extensively described in the prior art, See for 
example, “MPEG-4 rate control for multiple video objects,” 
IEEE Trans. on Circuits and Systems for Video Technology, 
February 1999, by Vetro et al, and references therein. 

In a texture model as used in our object-based transcoders 
800, a variable R represents the texture bits spent for a video 
object (VO), a variable Q denote the quantization parameter 
QP, variables (X, X) the first and second-order model 
parameters, and a variable S the encoding complexity, Such 
as the mean absolute difference. The relation between R and 
Q is given by: 

Given the target amount of bits that are assigned to a VO, 
and the current value of S, the value of Q depends on the 
current value of (X, X). After a VO has been encoded, the 
actual number of bits that are spent is known, and the model 
parameters can be updated. This can be done by linear 
regression using results from previous n frames. 
Texture Analysis 

The transcoding problem is different in that Q, the set of 
original QP's, and the actual number of bits are already 
given. Also, rather than computing the encoding complexity 
S from the spatial domain, we must define a new DCT-based 
complexity measure, S. This measure is defined as: 

1O 
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- 1 8 . :v2 S = XX p(i): IB, (i) reis il 

where B(i) are the AC coefficients of a block, m is a 
macroblock index in the set M of coded blocks, M, is the 
number of blocks in that set, and p(i) is a frequency 
dependent weighting. The complexity measure indicates the 
energy of the AC coefficients, where the contribution of high 
frequency components is lessened by the weighting func 
tion. This weighting function can be chosen to mimic that of 
an MPEG quantization matrix. 
From the data transmitted in the bitstream, and the data 

from past VO’s, the model parameters can be determined, 
and continually updated. Actually, we can update the model 
twice for every transcoded VOP; once before transcoding 
using data in the bitstream, then again after coding the 
texture with the new set of OP's, O. With this increased 
number of data points, the model parameters are more robust 
and converge faster. 
The main objective of our texture analysis is choosing O' 

which Satisfy the rate constraint while minimizing distor 
tion. However, it is important to note that optimality is 
conditioned on Q. Therefore, we must take care in how the 
distortion is quantified. From this point on, we will refer to 
this distortion as a conditional distortion due to the depen 
dence on O. 
One way to determine O' is to utilize the same method 

ology as used in the rate control problem. This way, we first 
estimate a budget for all VOP's at a particular time instant, 
adjust the target to account for the current level of the buffer, 
then distribute this sum of bits to each object. Given these 
object-based target bit rates, the new set of QP's can be 
determined from our texture model. The main problem with 
this approach is that we rely on the distribution of bits to be 
robust. In general, the distribution is not robust and the 
ability to control our conditional distortion is lost because 
the new QPs have been computed independent of the 
original ones. 
Conditional Distortion 
To overcome this problem, and to attempt to solve for O' 

in Some way that is dependent on O", we describe a method 
based on dynamic programming. To maintain as close a 
quality as possible to the original quality, the QPS of each 
object should change as little as possible. Given this, we can 
define a conditional distortion as: 

kek 

where k denotes a VOP index in the set of VOPs, K, and a 
represents the Visual significance or priority of object k. 
Note, although D(Q) is not explicitly specified, we know 
that it is proportional to Q. The Visual significance may be 
a function of the objects relative size and complexity. 
QP Search Space 

It is important to note that Qe Q, for all k>. Therefore, 
the Solution Space is limited to a valid Solution Space shown 
in FIG. 7. In FIG. 7, the x-axis indicates video objects, 702, 
and the y-axis QP701. The Figure also shows a valid search 
space 710, a constrained search space 711, a valid path 713, 
and an invalid path 712. 

Given the above quantification for conditional distortion, 
we Solve our problem by Searching for the best path through 
the trellis of FIG. 7, where the valid OP's are nodes in the 
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trellis, and each node is associated with an estimated rate 
and conditional distortion. Formally, the problem can be 
Stated as: 

min D(OO) subject to Rrotats Reper 

Converting the constrained problem into an unconstrained 
problem solves this problem, where the rate and distortion 
are merged through a Lagrangian multiplier, 2. For any 
220, the optimal Solution can always be found. To deter 
mine the value of ) that Satisfies the constraint on the rate, 
the well-known bisection algorithm can be used, see Ram 
chandran and Vetterli, “Best wavelet packet bases in the 
rate-distortion Sense, IEEE Trans. Image Processing, April 
1993. 

It is important to emphasize that the Search Space con 
sidered is much less than that found in MPEG-2 transcoding 
algorithms. There, an attempt is made to find the best Set of 
quantizers for every macroblock. In contrast here, we only 
Search for object-based quantizers. Hence, our approach is 
very practicable. 
Temporal Analysis 

Generally Speaking, the purpose of skipping frames is to 
reduce the buffer occupancy level so that buffer overflow 
and ultimately the loSS of packets is prevented. Another 
reason to Skip frames is to allow a trade-off between Spatial 
and temporal quality. In this way, fewer frames are coded, 
but they are coded with higher quality. Consequently, if the 
buffer is not in danger of overflowing, then the decision to 
Skip a frame is incorporated into the QP Selection process. 

Building from the proposed technique for QP selection, 
which searches a valid solution space for a set of QP's, we 
achieve this Spatial-temporal trade-off by constraining the 
Solution space. As shown in FIG. 7, a valid path is one in 
which all elements of O' fall in the constrained area. If one 
of these elements falls outside the area, then the path is 
invalid in that it is not maintaining Some specified level of 
Spatial quality. The Spatial quality is implied by the condi 
tional distortion. 

Different criteria may be used to determine the maximum 
QP for a particular object. For example, the maximum value 
can be a function of the object complexity or Simply a 
percentage of the incoming QP. In the case where the 
maximum is based on complexity, the transcoder essentially 
limits those objects with higher complexity to smaller QPs, 
because their impact on Spatial quality would be most 
Severe. On the other hand, limiting the complexity based on 
the incoming QP implies that the transcoder maintains a 
similar QP distribution as compared to the originally 
encoded bitstream. Both approaches are valid. Trade-offs to 
determine the best way to limit the QP for each object can 
depend on trade-offs between Spatial and temporal quality. 
Of course, one of the advantages in dealing with object 

based data is that the temporal quality of one object can be 
different from another. In this way, Skipping the background 
object, e.g., Stationary walls, can Save bits. However, 
because objects are often disjoint, reducing the temporal 
resolution of one object may cause holes in the composed 
Video. This problem can be reduced by imposing the con 
straint that all VOP's have the same temporal resolution. 
Shape Analysis 
To introduce the problems with transcoding shape data of 

Video objects, we recall how texture information is 
transcoded. It is well known that the rate for texture can be 
reduced by a partial decoding of the data. In most cases, this 
partial decoding requires at least the variable-length decod 
ing (VLD) operation to be performed. The inverse quanti 
zation and inverse DCT can be omitted. 
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However, for shape data, this is not the case. In MPEG-4, 

the shape data are coded on a per block basis by the So-called 
context-based arithmetic encoding algorithm, See Brady, 
“MPEG-4 standardization methods for the compression of 
arbitrarily shaped objects,” IEEE Trans Circuits and Sys 
tems for Video Technology, December 1999. With this 
algorithm, a context for each pixel is computed based on 
either a 9-bit or 10-bit causal template, depending on the 
chosen mode. This context is used to access a probability 
look-up table, Such that the Sequence of probabilities within 
a block drives an arithmetic encoder. 

In contrast to the texture, partial decoding of the shape is 
not possible because there is no intermediate representation 
between the pixel domain and the bitstream. Therefore, in 
order to manipulate the resolution of the shape data, the data 
must be fully decoded. After decoding, models Such as 
described in U.S. patent application Ser. No. 09/410,552 
“Estimating Rate-Distortion Characteristics of Binary Shape 
Data,” filed Oct. 1, 1999 by Vetro et al, can be used to 
evaluate the rate-distortion characteristics of the shape. 
Spatial Analysis 

Another means of reducing the rate is to reduce the 
resolution by Sub-Sampling. In version 2 of the MPEG-4 
Standard, a tool called Dynamic Resolution Conversion 
(DRC) has been adopted into the MPEG-4 standard. With 
this tool it is be possible to reduce the resolution, i.e., Spatial 
quality, of one object, while maintaining the resolution of 
other more important or spatially active objects. 
Architecture 

FIG. 8 shows the components of an object-based 
transcoder 800 according to our invention. As with transcod 
ing architectures in the prior art, the Syntax of encoding 
Standards. Somewhat dictates the architecture of the 
transcoder 800. We will now describe the major features of 
our transcoder in light of the MPEG-4 standard and contrast 
these features with traditional frame-based transcoding. 
The transcoder 800 includes a VOL/VOP parser 810, a 

shape scaler 820, a MB header parser 830, a motion parser 
840, and a texture Scaler 850. The transcoder also includes 
a bus 860 that transfers various parts of the elementary 
bitstream 801 to a bitstream memory 870. From this global 
Storage, the elementary bitstreams composition unit 880 can 
form a reduced rate compressed bitstream, compliant with 
the MPEG-4 standard. The output elementary bitstream 809 
is fed to the multiplexer of FIG. 6. 

In MPEG-4, the elementary bitstreams for each object are 
independent of other bitstreams. As a result, each object is 
associated with a video object layer (VOL) and video object 
plane (VOP) header. The VOP header contains the quanti 
zation parameter (QP) that was used to encode the object. 
The QP for each object is later used in the modeling and 
analysis of the texture information. All other bits are stored 
in the bitstream memory 870 until it is time to compose the 
outgoing bitstream 606 of FIG. 6. 
The most significant difference from other Standards is 

that MPEG-4 is capable of coding the shape of an object. 
From the VOP layer, we find out whether the VOP contains 
shape information (binary) or not (rectangular) 812. If it is 
a rectangular VOP, then the object is simply a rectangular 
frame and there is no need to parse shape bits. In the case of 
binary shape, we need to determine 813 if the macroblock is 
transparent or not. Transparent blocks are within the bound 
ing box of the object, but are outside the object boundary, So 
there is no motion or texture information associated with it. 
The shape scaler 820 is comprised of three sub 

components: a shape decoder/parser 821, a shape down 
sampler 822, and a shape encoder 823. If the shape infor 
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mation of the bitstream is not being Scaled, then the shape 
decoder/parser is simply a shape parser. This is indicated by 
the control information 604 received from the R-D shape 
analysis 611 of the transcoder control unit 610. Also, in this 
case, the shape down-sampler 822 and shape encoder 823 
are disabled. When shape information is being Scaled, the 
shape decoder/parser 821 must first decode the shape infor 
mation to its pixel domain representation. To reduce the rate 
for shape, a block may be down-sampled by a factor of two 
or four using the shape down-sampler 822, then re-encoded 
using shape encoder 823. The ratio of conversion is deter 
mined by the R-D shape analysis 611. Whether the shape bits 
have simply been parsed or Scaled, the output of the shape 
scaler 820 is transferred to the bitstream memory 870 via the 
bitstream bus 860. 

Other than the shape bits, the remainder of the MPEG-4 
syntax is somewhat similar to that of MPEG-2 with a few 
exceptions. At the macroblock (MB) layer, there exist bits 
that contain the coded block pattern (CBP). The CBP is used 
to Signal the decoder which blocks of a macroblock contain 
at least one AC coefficient. Not only does the CBP affect the 
structure of the bitstream, but the CBP also has an impact on 
Intra AC/DC prediction. The reason that the transcoder must 
be concerned with this parameter is because the CBP will 
change according to the re-quantization of DCT blockS. For 
this reason, we re-compute the CBP after the blocks have 
been re-quantized; this is accomplished by a CBP 
re-compute unit 856 of the texture scaler. The unit 856 sends 
a variable length code (VLC) 855 to the bitstream memory 
870 via the bitstream bus 860 to replace the header that was 
present in the input bitstream. 

After we have parsed the elementary bitstream to extract 
the relevant decoding parameters, We proceed to partially 
decode the texture blocks 851. The result of this process are 
the DCT block coefficients. If the spatial (re-size) analysis is 
enabled, the object may be down-sampled by a factor of two 
or four. The ability to down-sample blocks is indicated by 
the transcoding control unit 610, and the down-sampling 
factor by the spatial analysis 614. Furthermore, this down 
sampling is performed in the DCT domain so that the 
IDCT/DCT operations can be avoided, see U.S. Pat. No. 
5,855,151, “Method and apparatus for down-converting a 
digital signal,” issued on Nov. 10, 1998 to Bao et al. The 
DCT blocks are then stored temporarily in a coefficient 
memory 853. From this memory, blocks are sent to quantizer 
854, which quantizes the blocks according to the QP sent 
from the R-D texture analysis 612, which uses the tech 
niques described in this invention to meet the new target 
rate. 

To Skip objects, the temporal analysis 613 indicates to the 
bitstream composition unit 880 which bits are to be com 
posed and Sent out, and which bits should be dropped. In this 
way, parts of the bitstream that may have been written into 
this memory will simply be overwritten by data of a next 
video object. 
Implementation & Processing 

Regarding a specific embodiment, it should be noted that 
the architecture of transcoder 800 illustrates the components 
for a Single object. In the extreme case, multiple-objects may 
scaled with multiple transcoders as shown in FIG. 6. In a 
Software implementation that considers multi-thread 
execution, this may be the most efficient way. The challenge 
in a Software implementation is to allocated appropriate 
amounts of CPU processing to each object under consider 
ation. 

However, for hardware implementations, the case is very 
different. Hardware designers usually prefer to have one 
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piece of logic that handles a Specific functionality. For 
example, rather than implementing M motion parsers for a 
maximum number of M objects that may be received, the 
hardware design would include a Single motion parser that 
operates at a certain Speed So that multiple objects can be 
parsed at a given time instant. Of course, if the number of 
objects exceeds the parser's throughput, parallel parsers can 
still be used. The main point is that the number of parsers 
required can be less than the than the total objects that are 
received, and computation is distributed among the parallel 
parsers. This notion applies to all Sub-blocks of the 
transcoder 800. 

Although the invention has been described by way of 
examples of preferred embodiments, it is to be understood 
that various other adaptations and modifications may be 
made within the Spirit and Scope of the invention. Therefore, 
it is the object of the appended claims to cover all Such 
variations and modifications as come within the true Spirit 
and Scope of the invention. 
We claim: 
1. An apparatus for converting a compressed bitstream, 

comprising: 

a demultiplexer to extract each of a plurality of Video 
objects from a compressed input bitstream as an 
elementary input bitstream having a first bit rate; 

a transcoder to convert each elementary input bitstream to 
an elementary output bitstream having a Second bit 
rate, 

a transcoding control unit, coupled to the transcoder, to 
generate control information for the transcoder; and 

a multiplexer configured to compose the elementary out 
put bitstreams into a compressed output bitstream hav 
ing the Second bit rate. 

2. The apparatus of claim 1 wherein the Second bit rate is 
less than the first bit rate. 

3. The apparatus of claim 1 further comprising: 
an output buffer, coupled to the multiplexer, to generate 

rate feedback information for the transcoding control 
unit. 

4. The apparatus of claim 1 wherein the transcoder 
converts multiple elementary bit Streams in parallel. 

5. The apparatus of claim 1 wherein the transcoding 
control unit further comprises a shape analyzer, a texture 
analyzer, a temporal analyzer, and a spatial analyzer to 
generate the control information from object data generated 
by the transcoder. 

6. The apparatus of claim 5 wherein the texture analyzer 
uses a texture model 

X i) 

where R represents a number of texture bits spent for a 
particular video object (VO), Q represents a quantization 
parameter QP, X and X represent the first and Second-order 
model parameters, and S represent a encoding complexity. 

7. The apparatus of claim 6 wherein the texture model is 
updated by linear regression using results from previous n 
frames. 

8. The apparatus of claim 6 wherein the encoding com 
plexity S is defined by a discrete cosine transform-based 
complexity measure S: 
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where B(i) are AC coefficients of a block, m is a block 
index in a set M of coded blocks, M, is the number of blocks 
in the Set M, and p(i) is a frequency dependent weighting. 

9. The apparatus of claim 6 wherein the texture model is 
updated before and after converting a particular video 
object. 

10. The apparatus of claim 1 wherein a first temporal 
quality of a first video object at a given instant in time is 
different than a Second temporal quality of a Second Video 
object at the given instant in time. 

11. The apparatus of claim 1 wherein a first spatial quality 
of a first Video object at a given instant in time is different 
than a Second spatial quality of a Second Video object at the 
given instant in time. 

12. The apparatus of claim 1 wherein each elementary 
bitstream is converted independent of other elementary 
bitstreams. 

13. The apparatus of claim 1 wherein the transcoder 
further comprises: 

a Video object layer/video object plane parser, a shape 
Scaler, a header parser, a motion parser, a texture Scaler, 
a bitstream memory connected to each other by a 
bitstream bus. 

14. The apparatus of claim 1 wherein the video object 
layer/video object plane parser determines whether a par 
ticular video object includes shape information. 

15. The apparatus of claim 13 wherein the shape scaler 
further comprises: 

a shape decoder/parser, a shape down-sampler, and a 
shape encoder Serially connected to each other. 

16. The apparatus of claim 15 wherein shape information 
of the video objects is converted by the down-sampler. 

17. The apparatus of claim 13 wherein the texture scaler 
further comprises: 

a partial texture decoder, a texture down-sampler, a coded 
bit pattern re-compute unit, a coefficient memory, and 
a quantizer to generate a variable length code for the 
bitstream memory. 

18. The apparatus of claim 17 wherein a previous variable 
bit length code in a header of a particular elementary 
bitstream is replaced by the variable bit length code gener 
ated by the texture Scaler. 

19. The apparatus of claim 17 wherein the texture down 
Sampler operates in a discrete cosine transform domain. 

20. The apparatus of claim 5 wherein the transcoder 
includes a texture Scaler including a quantizer to quantize 
the Video objects according to a quantization parameter 
generated by the texture analyzer. 

21. A method for converting a compressed bitstream, 
comprising the Steps of: 
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18 
extracting each of a plurality of Video objects as an 

elementary input bitstream having a first bit rate from 
a compressed input bitstream; 

converting each elementary input bitstream to an elemen 
tary output bitstream having a Second bit rate; 

generating control information for the converting, and 
composing the elementary output bitstreams into a com 

pressed output bitstream having the Second bit rate. 
22. The method of claim 21 wherein the second bit rate is 

less than the first bit rate. 
23. The method of claim 1 further comprising the steps of: 
generating rate feedback from an output buffer. 
24. The method of claim 1 wherein the control informa 

tion is generated by analyzing shape, texture, time, and 
Space data of the Video objects. 

25. The method of claim 24 wherein the texture analyzing 
uses a texture model 

where R represents a number of texture bits spent for a 
particular video object (VO), Q represents a quantization 
parameter QP, X and X represent the first and Second-order 
model parameters, and S represents an encoding complexity. 

26. The method of claim 25 wherein the texture model is 
updated by linear regression using results from previous n 
frames. 

27. The method of claim 25 wherein the encoding com 
plexity S is defined by a discrete cosine transform-based 
complexity measure S: 

- 1 8 . :v2 S = XX p(i): IB, (i) 
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where B(i) are AC coefficients of a block, m is a block 
index in a set M of coded blocks, M, is the number of blocks 
in the Set M, and p(i) is a frequency dependent weighting. 

28. The method of claim 25 wherein the texture model is 
updated before and after converting a particular video 
object. 

29. The method of claim 21 wherein a first temporal 
quality of a first Video object at a given instant in time is 
different than a Second temporal quality of a Second Video 
object at the given instant in time. 

30. The method of claim 21 wherein a first spatial quality 
of a first Video object at a given instant in time is different 
than a Second spatial quality of a Second Video object at the 
given instant in time. 

31. The method of claim 21 wherein multiple elementary 
bitstreams are converted in parallel. 
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